Abstract -Battery energy storage system (BESS) is attracting attention all over the world. BESS yields two types of benefits, i.e., economical benefit and environmental benefit. Economical benefit is yielded by reducing the cost of power plants that is composed by the operation cost and the construction cost. Recent serious concern against environment will be more important in the near future and it might be treated as penalty and/or constraints. The installation merit of BESS stands out when load factor of demand is low. If base generators composed of inexpensive and clean sources, and if peak generators composed of expensive and dirty sources, the benefit against operation cost becomes more remarkable. Besides, BESS can contribute to developing countries by reducing construction cost of generation plants. In this paper, the numerical analysis of this benefit is presented. The optimal amount of BESS is searched by evaluating CO2-reductions and cost benefits.
Introduction
Recently, the global warming caused by CO 2 exhaust has been worldwide important issue. Continuous reduction of energy consumption and CO 2 -emission is an urgent common problem. The new concept of smart grid has been proposed as the Green New Deal by president Obama. The smart grid is expected to promote renewable energies and plug-in hybrid cars. The Europe Committee promotes smart grid since 2005 in Europe, and the energy networks after 2020 are investigated. Although the circumstances are not identical, promotion of solar power is essential in Japan, too.
On the other hand, recent development of battery technology is promising to assist the worldwide efforts to realize the carbon neutral society. Battery energy storage system (BESS) can be an important component to form a new best-mix of generators. It should be noted that BESS has the potential to minimize both construction cost and operation cost of generators. Besides, BESS has potential ability to reduce the greenhouse gas.
The rapid growth in power demand is expected in developing countries (such as BRICs), and a lot of power plant will be constructed there. Although thermal power plants may have economical benefit, they tend to exhaust much greenhouse gas such as CO 2 . This issue is wellknown as trilemma of economy, environment and energy. The load factor of developing countries is high now, in many cases. The high load factor may be supported by some conventional countermeasures such as overnight work in factories. If such developing countries get over the crisis by preparing sufficient power sources, the load factor might be getting worse in the future. Since the BESS's function of load-shift is effective to the system of low load factor, it is worthwhile to make practical plan to apply BESS in advance.
The technical progress in a battery energy storage system is also remarkable. NAS (Sodium and Sulfur) battery is one of the most promising BESSs. NGK Insulators LTD reported that 310MW of NAS battery has been installed at 215 sites in the world by 2009. NAS battery has potential to yield two types of benefits, i.e., economical benefit and environmental benefit. If the energy is stored at nighttime using inexpensive generation and is discharged at daytime, the energy storage system can reduce the amount of CO 2 -emission, the construction cost and operation cost.
In this paper, some numerical simulations which evaluate the advantages/disadvantages of BESS are presented. The optimal capacity of BESS is also searched. Since the performance depends on types of generator and shape of load curves in individual power system, simulations has been carried out against several countries situation.
Simulation of Developed Countries
The analysis in this paper is based on simulation which is carried out hour-by-hour throughout a year. During the annual simulation, amount of CO 2 -emission and operation cost are calculated and accumulated.
Conditions of the simulation are shown as follows;
• Italy, France and Germany are selected as target of simulation, since detailed data are available.
• The load curve of each country is based on references [1] and their peak demands are 56GW (Italy), 88GW (France), 82GW (Germany).
• Load curves are assumed to be composed by workdays.
Sundays and holidays are eliminated and ignored in this simulation.
• Generation plants are assorted thermal (oil, gas, coal), nuclear, hydro and renewable energy.
• Composition ratio of each generator's type in those countries is based on references [8] .
• CO 2 -emission and generation cost of each type of generator in those countries are based on references [2].
• The generation-cost, however, is quoted from Japanese domestic data because the data of those countries were not available. The data for these generators are shown in Fig. 1 and Table 1 , 2. Since Italy, France and Germany are developed countries, most generators are already built and under operation. The ratios of demand growth are low or almost flat. Under these conditions, the load leveling is dedicated to reduce operating cost, rather than construction/investment cost.
Since hydro power plant and renewable energy are treated as "must-run" and "constant-output", operation cost data is omitted and ignored here.
Since the emission of CO 2 seems to be treated more seriously in the future, a penalty cost is imposed to all thermal power plants in this simulation. This penalty cost (CO 2 -penalty) is specified to 500 yen/t-CO 2 . The rate might be too small because the effect is not significant in this simulation.
Results of Simulation in Developed Countries
In this chapter, annual simulation in developed countries is demonstrated.
Detailed Condition of Hour-by-Hour Simulation
The detailed preconditions are listed below;
• The load curves for workdays are prepared for every 12 month in a year. This means 6264 hours points in a year are used in the simulation.
• 10% of demand should be maintained by thermal power plants as AFC (Automatic Frequency Control) capacity.
• The power plants are scheduled to stop in the off-peak seasons due to the periodic maintenance.
• If BESS such as NAS battery is applied, the load curve is reshaped and is leveled in the first stage.
• The installed capacity (in kW) of NAS battery is assumed and varied from 0 % to 20% of the peak demand.
• The energy capacity (in kWh) is 7.2 times of its installed power capacity (in kW). The load curve reshaped by BESS is illustrated in Fig. 2 as example of Germany. Capacity of BESS 0% 5% 10% 15% 20%
Fig. 2. Load curve reshaped by BESS (in Germany).
• NAS battery loses 20% of energy during charge and discharge process. Therefore if 100% of energy is discharged in the daytime, 120% of energy should be charged in advance at nighttime. The PCS (inverter/converter) losses and heater losses are included in this percentage.
• The total generation cost (operation cost) and CO 2 -emission are calculated hour-by hour and accumulated. The construction (investment) cost and battery cost are not evaluated here.
Results of Numerical Simulation
The improvements of the generation cost and CO2-emission are shown in Figs. 3, 4 and 5, where BESS of 5% of each peak demand is introduced. In case of Italy, the improvement of both generation cost and CO 2 -emission are observed in July. In the other months, however, no improvement is observed. In case of France, the improvement of CO 2 -emission can be observed from April through October, except August. In case of Germany, the improvement of the generation cost and CO 2 -emission cannot be observed at all throughout a year. The best installation capacity of BESS is searched. Some examples are shown in Fig. 6 and 7 . Composition ratio of generators and load factor in each country are shown in Fig. 8 . In case of France, since nuclear plants occupy the base part, the improvement of CO 2 -emission can be observed. The best installation capacity is 3% of its peak demand. In case of Germany, since coal plants occupy the base part, no improvement can be achieved.
The performance of BESS depends on the shape of demand curve and composition ratio of generator types. Although the improvement in developed countries is not significant in this simulation, the severer penalty of CO 2 -emission may promote the benefit of BESS in the future. 
CO 2 -Emission Reduction by Applying BESS in Developing Country
The improvement of CO 2 -emission and generating cost by applying NAS battery is simulated in developing country.
Conditions of Simulation in Developing Country
Conditions of the simulation are listed below;
• The simulation has been carried out using Chinese data.
• Generation plants are assorted thermal (oil, gas, coal), nuclear, hydro and new energy.
• Load curves are modified based on the actual demand curve in Beijing to emulate future load patterns. The reshaped load factors are 60%, 55%, and 50%.
• CO 2 -emission of each type of generator in China is shown in Table 3 .
• In this simulation, some composition ratios of generator are examined as shown in Fig.9 . The horizontal axis implies the scenario of penalty of CO 2 -emission. If high penalty is expected against CO 2 -emission, oil and coal portion should be reduced. 
Detailed Condition of Hour-by-Hour Simulation
• The load curves for all days are prepared for every 12 month in a year. This means 365 days, 8760 hours points in a year are used in the simulation.
• No periodic maintenance is included.
• Since the information of generation cost (operating cost) is not available, calculation of cost is omitted.
• Since it is hard to treat the growth of demand, only the improvement (reduction) of CO 2 -emission is calculated in percent.
• Other conditions are same as section 3.1.
Results of Numerical Simulation
The improvement/reduction of CO 2 -emission by introducing BESS is shown in Fig. 10, 11 and 12. The lower annual load factor is, the higher the improvement of CO 2 -emission can be achieved.
In case of load factor of 50%, the improvement of CO 2 -emission can be successfully achieved if large amount of nuclear plant is expected. The optimal amount of BESS seems to be around 13% of peak demand in this case. The improvements of CO 2 -emission cannot be achieved if large amount of coal power plant is expected. Installation of BESS leads worse emission in this case.
In case of load factor of 55%, the improvements of CO 2 -emission can be achieved effectively when the capacity of BESS is around 8% of peak demand.
In case of load factor of 60%, the improvements of CO 2 -emission cannot be achieved in all cases. In this high load factor case, the load shift by BESS does not yield any improvement/reduction. 
Conclusion
In this paper, the improvements of CO 2 -emission and the reduction of generation cost by introducing BESS such as NAS battery were demonstrated. As a result, it is proved that BESS has the potential to reduce both generation cost and CO 2 -emmission.
The improvement effect strongly depends on the composition ratio of generator and load factor. The amount of CO 2 -emission by introducing BESS was considerably reduced when the ratio of the nuclear power is high. Conversely, the amount of CO 2 -emission by introducing BESS was increased when the ratio of the coal power is high.
Since the improvement/reduction of construction cost of new generators was not analyzed in this paper, it should be our future work. Combination of other BESS's usage like stabilization of renewable energy such as solar power and wind power will be a challenging target. 
